The hepatoprotective effect and antioxidant activity of ethanol extract of Amaranthus hypochondriacus seed (ESAH) were evaluated in sodium arsenite (SA) treated rats. Animals were divided into eight groups. The first group was used as control, group II was administered SA (2.5 mg/kg body weight). Groups III, IV and V were administered different doses of ESAH (100, 200 or 300 mg/kg b.w., respectively); groups VI, VII and VIII were administered ESAH at 100, 200, 300 mg/kg b.w. plus 2.5 mg SA/kg; respectively. Rats were orally administered different doses of ESAH daily for fourteen days. The SA was administered on the 7th and 14th day. Results showed that sodium arsenite-induced elevation of alanine aminotransferase (ALT), aspartate amino transferase (AST), alkaline phosphatase (ALP) and gamma glutamyl transferase (GGT) levels were substantially reduced by pre-treatment with 200 and 300 mg/kg b.w. of ESAH. Histopathological observations also showed hepatic protective activity of ESAH. Sodium arsenite increased the concentrations of malondialdehyde (MDA), hydrogen peroxide and reduced the activities of superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx), and increased frequency of micronucleated polychromatic erythrocytes. Pre-treatment with 200 and 300 mg/kg of ESAH reduced the levels of MDA and H 2 O 2 ; increased the activities of antioxidant enzymes (SOD, CAT, GPx) and reduced frequency of induction of micronucleated polychromatic erythrocytes (mPCEs) in bone marrow cells of the rats. Treatment with SA decreased body weight and increased relative liver weight compared to control and ESAH. Thus ESAH mitigates arsenic-induced hepatotoxicity and oxidative damage in rats.
. Environmental and occupational exposure to arsenite has been linked with a range of harmful effects in both experimental animals and humans leading to various ailments and dysfunctions of vital organs such as liver, kidney and lung (Chowdhury et al., 2001; Odunola et al., 2011; Tseng et al., 2002; Waalkes et al., 2003) . Exposure to arsenic and its compounds through underground waters has been associated with lesions of the skin, certain forms of cancers Jayanthika et al., 2001) and other health effects such as neurological disorders, damaged cognitive development in children (Parvez et al., 2006; Valentine, 1994) and immunotoxicity (Patrick, 2003) . Sodium arsenite is widely used as a component of herbicides, fungicides, insecticides and algaecides, and in the manufacture of arsenical soap (Chen et al., 2006; Cullen, 2008) . Incidence of arsenic contamination posing serious threat to public health has been reported in various countries like India, Poland, Argentina, Bangladesh, Chile, China, India, USA, and Taiwan where it occurs in drinking water above the permissible upper limit of 10 ppm Das et al., 1995; Frost et al., 1993; IARC, 2004) . Several studies have demonstrated that liver is the most important target organ for arsenic toxicity (Guha, 2005; Hughes et al., 2003) . The liver regulates several important metabolic functions and the hepatic injury is associated with distortion of these metabolic functions (Wolf, 1999) .
Plants are one of the most important resources for human foods and medicines. There has been strong evidence that intake of plant dietary factors improve health, as well as prevent diseases (Jian, 2007) . Consumption of whole grain has been associated with reduced risk of chronic diseases (Bonaccio et al., 2012; Jones and Engleson, 2010; Lillioja et al., 2013) . Other studies have demonstrated the protective role of diets high in grain against cancer (Nicodemus et al., 2001) and diabetes (Meyer et al., 2000) . Antioxidant activity, mediation of hormones and enhancement of the immune system are the plausible physiological mechanisms health benefits exerted by grain phytochemicals (Lupton and Meacher, 1998) . Substantial amount of antioxidants have also been discovered in grain-based cereal products (Baublis et al., 2000; Emmons et al., 1999; Handelman et al., 1999) .
It has been proposed that the antioxidants found in grain-based foods may actually contribute to health by lowering and/or alleviating the occurrence of agingrelated diseases such as cardiovascular disease, neurodegenerative disease and some kinds of cancer (Miller et al., 2002) .
Amaranth (Amaranthus hypochondriacus, family: Amaranthaceae) is an underutilized pseudo cereal that has promising potential as an excellent source of nutrients and bioactive compounds (Escudero et al., 1999; Muyonga et al., 2008) . Amaranth contains significant amounts of bioactive components such as protease inhibitors, phytosterols, squalene, amino acids, flavonoids and polyphenols (Berghofer and Schoenlechner, 2002; Taylor and Parker, 2002) . Amaranth contains lysine, methionine and tryptophan that help prevent cold sores, reduce disease infection and boost the body's immune system (Bressani, 1989) . Hepatoprotective activity of whole plant extract of Amaranthus spinosus (Zeashan et al., 2008) and Amaranthus viridis (Kumar et al., 2011) in experimental animals has been reported. The present study was aimed at evaluating the potential protective effects of ethanol extract of A. hypochondriacus seed against sodium arsenite-induced toxicity in liver of male rats.
MATERIALS AND METHODS

Chemicals
Sodium arsenite (NaAsO 2 ) was purchased from Sigma Chemical Company, St. Louis MO, USA. Sodium arsenite was orally administered to rats at a dose of 2.5 mg/kg b.w. corresponding to 1/10th of the LD 50 sodium arsenite (Preston et al., 1987) . Kits for alkaline phosphatase, aspartate amino transferase (AST), alanine amino transferase (ALT), and gamma glutamyl transferase (GGT) were obtained from Randox Laboratories Ltd, Crumlin, UK. Colchicine, giemsa stain and all other chemicals were of analytical grade and purchased from Sigma Chemical or BDH Chemical Ltd, Poole, England.
Source of plant material and preparation of the extracts
A. hypochondriacus (accession number PI590991) seeds were obtained from United States Department of Agriculture, Research Station (USDA-ARS) North Central Regional Plant Introduction Station (NCRPIS) in Ames, USA and planted at the experimental field of National Horticultural Research Institute (NIHORT), Ibadan, Nigeria, in June, 2010. At maturity, seeds were harvested, dried, milled into flour and extracted in 80% ethanol using a Soxhlet apparatus. The extract was concentrated at reduced temperature (40°C) using a rotary evaporator (Buchi, USA). The resulting molten extract was further lyophilized using a freeze dryer (Freezone 4.5, Labconco, USA) at high vacuum (133 × 10 -3 mBar) with a yield of 3.91% (w/w). The dried extract was stored in air tight amber bottle and kept at -20°C.
Animals
Forty eight male albino rats weighing 120 to 150 g were used in this experiment. They were kept in departmental animal house in well cross ventilated room at 27 ± 2°C and 12 h light/12 h dark cycle. Animals were given commercial pellets (Ladokun Livestock Feeds, Ibadan, Nigeria) and water ad libitum. After two weeks of acclimatization, animals were randomly divided into eight treatment groups of six animals each. Group I received only distilled water and was used as control. Group II received 2.5 mg/kg b.w. of sodium arsenite (SA). Groups III, IV and V were administered ethanol extract of A. hypochondriacus seed (ESAH) at 100, 200 and 300 mg/kg body weight, respectively. Groups VI, VII and VIII were administered ESAH at 100, 200, 300 mg/kg body weight, respectively; plus SA at 2.5 mg/kg b.w. Rats were orally administered their respective doses of ESAH daily for 14 days, while SA was administered on the 7th and 14th day. At the end of the experiment, body weights of rats were recorded.
Collection of samples
Animals were sacrificed by cervical dislocation 24 h after administration of the last dose of sodium arsenite following standard rules laid down by the University of Ibadan Ethics Committee on the treatment of experimental animals. Two hours prior to the sacrifice, the animals were intraperitoneally injected with 0.04% colchicine. Blood samples were collected by cardiac puncture and liver samples were harvested, rinsed in ice cold 1.15% KCl solution and weighed. The blood and liver samples were used for biochemical analyses and histopathological examination. Femoral bone marrow from each animal was collected and used for micronucleus assay.
Sample preparation for the assays
The blood was allowed to clot; serum was separated by centrifugation at 3000 × g for 10 min and used for the estimation of serum enzymes. Alanine aminotransferase (ALT), alkaline phosphatase (ALP), aspartate aminotransferase (AST) and gamma glutamyl transferase (GGT) activities were assayed using standard diagnostic kits from Randox Laboratories Ltd., UK. Femoral bone marrow cells were prepared according to the method of Salamone et al. (1980) . The fixed cells on the mounted slides were scored under light microscope to detect the presence of micronucleated polychromatic erythrocytes (mPCEs), using tally counter to make scoring easier. Livers were weighed, minced and homogenized in four volume 0.01 M phosphate buffer (pH 7.4) using a Potter-Elvegin homogenizer. The homogenate was centrifuged at 20,000 × g for 20 min at 4°C using an ultracentrifuge (HERMLE LABNET Z 323K). The resulting supernatant was used for the assay of antioxidant parameters and protein content.
Evaluation of antioxidant parameters
Assessment of lipid peroxidation
Extent of lipid peroxidation was determined by measuring the formation of thiobarbituric acid reactive substances (TBARS) as described by Varshney and Kale (1990) .
Determination of superoxide dismutase (SOD) activity
Superoxide dismutase activity was determined by the method previously described by Misra and Fridovich (1972) . The ability of superoxide dismutase to inhibit the auto-oxidation of adrenaline (epinephrine) in an alkaline medium (pH 10.2) to adrenochrome makes this reaction a basis for a simple assay for this dismutase. Epinephrine was added to the assay mixture containing tissue supernatant and the change in extinction coefficient was followed at 480 nm in a spectrophotometer.
Determination of catalase (CAT) activity
Catalase activity was determined according to the method of Aebi (1984) . The method involves spectrophotometric monitoring the rate at which H 2 O 2 is decomposed by the enzyme catalase at 240 nm.
Determination of glutathione peroxidase (GPX) activity
Hepatic GPx activity was determined spectrophotometrically according to the method of Rotruck et al. (1973) . The absorbance was read at 412 nm against a blank.
Determination of hydrogen peroxide (H 2 O 2 ) level
The level of hydrogen peroxide generated was determined as described by the method of Wolf (1994) . This is based on the principle of ferrous oxidation with xylenol orange reagent. The colour development was measured spectrophotometrically at 560 nm.
Protein estimation
The protein content of the liver homogenate was determined according to the method Lowry et al (1951) using bovine serum albumin as a standard.
Histopathological studies
Liver tissues were fixed in 10% neutral buffered formalin. These tissues were processed for histopathological examination using a routine paraffin-wax embedding method. Sections of about 5 μm thickness were stained with haematoxylin-eosin dye. Photomicrographs of the stained tissue sections prepared on slides were taken with a camera attached to the compound light Nikon microscope at × 400 magnification.
Statistical analysis
Data were analysed by statistical program for the social sciences (SPSS) version 17 (SPSS, Chicago, IL, USA) and presented as mean ± standard deviation (S.D). Duncan's multiple range tests was used to compare the significance of differences at p<0.05 significance level.
RESULTS
Effect of treatment on body weight and relative liver weight
Results indicated that treatment with the three different doses of A. hypochondriacus seed extracts (groups III, IV and V) did not cause any significant changes in body and relative liver weights (Table 1) . However, a significant (p<0.05) decrease in the percentage body weight and increase in relative liver weight was observed in rats treated with SA compared to control group. Pre-treatment with ESAH at 100, 200 and 300 mg/kg b.w. before administration of SA (groups VI, VII and VIII) did not cause any significant changes in body weight and relative liver weight when compared with control.
Effect of ethanol extract of A. hypochondriacus seed on sodium arsenite-induced micronucleated polychromatic erythrocytes (mPCEs)
Treatment with sodium arsenite induced significantly (p<0.05) formation of micronuclei in the polychromatic erythrocytes of the rat bone marrow cells and the degree of induction was about 2.3-fold compared to control (Table 2) . Pre-treatment with ESAH at the dose of 300 mg/kg b.w. before administration of SA resulted in a significant (p<0.05) decrease in the induction of mPCEs to the value close to control group.
Effect of ethanol extract of A. hypochondriacus seed on sodium arsenite-induced changes in serum enzyme activities
Hepatic injury induced by SA caused significant changes of marker enzymes as ALT and AST activities increased significantly (p<0.05) compared to control group ( 
Effect of seed extracts of A. hypochondriacus on sodium arsenite-induced changes in hepatic lipid peroxidation and hydrogen peroxides
The results showed significant (p<0.05) elevation in the levels of MDA (11.15) and hydrogen peroxides (41.42) in SA intoxicated rats when compared to control, MDA (4.71) and H 2 O 2 (29.87); respectively ( (31.66) significantly (p<0.05) reduced the elevation of SAinduced lipid peroxidation to a level close to control as MDA (4.71) and H 2 O 2 (29.87).
Histopathological observations
Results of the histopathological examination ( Figure 1 ) of liver sections in control animals (group I) showed central vein surrounded by hepatic cord of cells, while SA treated rats liver section (group II) showed severe hepatic necrosis, with periportal cellular infiltration by mononuclear cells. Treatment with the three different doses of ESAH alone (groups III, IV and V) animals showed normal liver architecture similar to that observed in control group. Groups VI, VII and VIII animals pretreated with different doses of the seed extracts before SA administration showed absence of necrosis and mild inflammatory collections around central vein. Normal liver architecture was observed in animals pre-treated with ESAH at 300 mg/kg b.w. (group VIII). This demonstrated hepatoprotective potential of the seed extract at a higher dose of 300 mg/kg b.w. compared to treatment with 100 and 200 mg ESAH/kg body weight.
DISCUSSION
Arsenite exerts its cellular toxicity by binding to sulfhydryl groups which results in enzyme inhibition (El-Demerdash et al., 2009) . Arsenic toxicity involves oxidative damage in organs (Izquierdo-Vega et al., 2006) mainly by interaction of arsenic with protein thiols that are central components of redox-sensitive proteins in redox signalling and control pathways (Hansen et al., 2006) . Sodium arsenite has been shown to decrease glutathione levels and increase lipid peroxidation in liver, kidney and heart (Ramos et al., 1995) . In addition elevation in the level of serum enzymes (ALT, ALP, AST and GGT) has emerged as an index of a liver lesion (Zeashan et al., 2008) . The observed reduction in the mean body weight of experimental rats treated with sodium arsenite when compared with control group in this study is in agreement with result of El-Demerdash et al. (2009) and Bashir et al. (2006) . The weight loss in rats exposed to arsenic has been associated with the induction of diabetes mellitus by the arsenite (Rahman et al., 1998) . Kaltreider et al. (2001) demonstrated that exposure to low levels of arsenic altered hormonal function in the glucocorticoid system. The glucocorticoid hormones play an important role in glucose regulation as well as carbohydrate, lipid and protein metabolism. Dysfunction in the glucocorticoid system has been linked to weight loss/gain; this may explain the loss in weight observed in this study. The increase in relative liver weight in the rats treated with sodium arsenite alone when compared with control group is in agreement with previous findings in rats and mice (Gbadegesin and Odunola, 2010; Jana et al., 2006; Odunola et al., 2011; Yousef et al., 2008) . Sodium arsenite intoxication has been shown to compromise the integrity of the liver in mouse, rat, fish and goat (Sharma et al., 2009; Yousef et al., 2008) . The results of this study showed that sodium arsenite significantly (p<0.05) induced the formation of micronuclei in the polychromatic erythrocytes of the rat bone marrow cells. The induction by sodium arsenite led to about 2.3 times the mean number of mPCEs formation in the bone marrow cells of control group. Pre-treatment with ESAH at 100, 200 or 300 mg/kg before SA administration (Groups VI, VII and VIII) significantly (p<0.05) reduced the frequency of mPCEs formation in bone marrow cells when compared with group treated with SA alone. Das et al. (1993) reported a similar decrease in the degree of mPCEs formation in mice pre-treated with garlic extracts before sodium arsenite challenge. The increased activities of serum marker enzymes (AST, ALT, ALP and GGT) are conventional indicators of liver injury (Achliya et al., 2004; Thabrew et al., 1987) . Yadav and Dixit (2003) reported the ability of a drug to reduce the injurious effects or to restore the normal hepatic physiological mechanisms that have been disturbed by a hepatotoxin, as the index of its protective effects. The present study revealed a significant (p<0.05) increase in the level of ALT and AST on administration of sodium arsenite, this may be due to the increased permeability of the plasma membrane indicating considerable hepatocellular damage. Similar results of elevated serum enzymes were earlier reported (Mallick et al., 2003; Odunola et al., 2011) . The serum marker enzymes are mainly intracellular ones which mean that any damage to the hepatocytes could lead to their release into the plasma leading to the observed increase in plasma activities. Hepatocellular necrosis leads to elevation of the serum marker enzymes, which are released from liver cells into blood (Ashok et al., 2001) . In addition, the increased GGT activity of rats exposed to SA observed in this study is indicative of oxidative stress and cytogenetic damage (Lee et al., 2006) . Pre-treatment with ESAH at the different dose levels of 100, 200 and 300 mg/kg (Groups VI, VII and VIII) attenuated the increased levels of the serum enzymes produced by SA and caused a subsequent recovery towards normalization. It has been reported that one of the principal causes of SA induced liver injury is formation of lipid peroxides by free radical derivatives of SA (Manna et al., 2007) . The body has an effective defence mechanism to prevent and neutralize the free radical induced damage. This is proficient by a set of endogenous antioxidant enzymes such as SOD, CAT, GST and GPx. These enzymes constitute the first line of cellular antioxidant defence and provide a mutually supportive team of defence against ROS (Amresh et al., 2007a) . The reduced activities of SOD, CAT and GPx observed in this study points out hepatic damage in the rats administered with SA, and is probably due to exhaustion of these enzymes to scavenge excessively-generated superoxide and hydrogen peroxides, respectively; in tumour cells (Manoharan et al., 2006) . The reduced activity of SOD, CAT and GPx of rats treated with SA is in agreement with previous results (Bashir et al., 2006; Gopalkrishnan and Rao, 2006; Wu et al., 2001) . Reduced activities of SOD, CAT and GPx in erythrocytes have been reported in cancer (Balasenthil et al., 2000) . Reduced activity of CAT after exposure to sodium arsenite in this study could be correlated to increased generation of hydrogen peroxide. Similar observations were reported by El-Demerdash et al. (2009) , during treatment of experimental rats with sodium arsenite. The decreased SOD activity in the liver suggests that accumulation of superoxide anion radical might be responsible for increased lipid peroxidation following arsenic treatment. Free radicals are produced by arsenic treatment (Yamanaka et al., 1990) , by the reaction of molecular oxygen with dimethylarsine, a metabolite of dimethyl arsenic acid. Pre-treatment with 100, 200 and 300 mg/kg b.w. of A. hypochondriacus seed extract increased the activities of SOD, CAT and GPx in a dose dependent manner. This observation is similar to report of El-Demerdash et al., (2009) which showed that treatment with Curcumin extract improved the levels of liver SOD and CAT activity in rats. Free radical-induced lipid peroxidation is regarded as one of the basic mechanism of cellular damage and therefore, the extent of tissue damage can be monitored by measuring the concentration of plasma or serum lipid peroxides (Selvendiran and Sakthisekaran, 2004) . In this study, elevation of lipid peroxidation and hydrogen peroxides in the liver of rats treated with SA suggests enhanced lipid peroxidation leading to tissue damage and failure of antioxidant defence mechanisms to prevent the formation of excessive free radicals (Amresh et al., 2007b) . Increase in plasma lipid peroxides in DMBApainted animals has also been observed and was due to overproduction and diffusion from the damaged erythrocyte membranes and some other host tissues such as the liver (Manoharan et al., 2006) . Increased plasma lipid peroxidation has been reported in several types of cancer patients (Ozdemirler et al., 1998) . Pretreatment with 100, 200 and 300 mg/kg ESAH significantly reduced the elevated levels of MDA and H 2 O 2 caused by SA; restoring towards normalization. Similar observation was reported in CCl 4 -induced toxicity in rats and administration of different doses of ethanol extracts of Amaranthus spinosus significantly prevented the heave in levels of MDA and H 2 O 2 (Zeashan et al., 2008) . It is likely that the mechanism of hepatoprotection of extract of A. hypochondriacus seed may be due to its antioxidant activity.
Conclusion
From this study, A. hypochondriacus seed extract seems to exhibit hepatoprotective effects and mitigates sodium arsenite-induced oxidative damage in rats. The ESAH has shown dose dependent activity as 300 mg/kg b.w. has greater activity which is comparable with the control group.
